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DESECTZOM OF OEHE XDTATZOIIS WXTE 
UZSKASCE RBPAZR BHSmSB 

Portions of the research described herein were 
supported in pert by the National Institutes of 
5 Health, Department of Health and Hunan Services. 
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The invention relates to a nethod for 
detecting gene nutations in nucleic acids. The 
nethod can be used to Identify an altered base at 
10 a specific site. 



Because nany hunan diseases arise by single 
base pair changes in genes, the analysis of base 
pair nlsnatches and nutation has inportant 
15 inplications in blonedical research and in 
nedicine. For exanple, single base nutations at 
eodons 12, 13 or 61 of one of the three si& genes 
occur in a significant nunber of hunan cancers, the 
highest incidence being found in adenocarcinonas of 
the pancreas (90%) , the colon (50%) and lung (30%) , 
in thyroid tunors (50%) and in nyeloid leukemia 

(30%). Bos (1989) Sana.. Eaa^, 49, 4682-4689. A 

considerable number of hunan genetic diseases are 
taiown to be caused by point nutation (see for 
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example the latest edition of "Mendelian 
Inheritance in Man" by V.A. McKusick) . 

Single base changes can be neutral, that is, 
encode the same amino acid if occurring in an exon, 
5 occurring at a non-oritical site in an intron or 
may result in a conservative amino acid 
substitution? can result in an amino acid change 
that yields a less fit, albeit functional, gene 
product r or can result in a deleterious allele 
10 which could affect the survival of the host 
organism. 

Single base substitutions that yield 
effectively neutral changes contribute to normal 
p^ulation heterogeneity, also known as 
15 polymorphism or balanced polymorphism. The most 
prevalent allele or the allele believed to be the 

■ 

oldest in a population is identified as the wild 
type allele. Those single base substitutions that 
reduce the fitness of the organism are cosmionly 

20 known as uutationsr For those mutations that 
reduce fitness, predispose an organism to a disease 
state or that have reduced penetrance or delayed 
expressionv it would be beneficial to have the 
capability of diagnosing or identifying the allele 

25 carried by the target organism. 

Direct gene analysis, particularly for the 
detection of single base mutation, can be obtained 
by a variety of techniques. For . example, 

- 2 - 



restriction fragment length polymorphism results 
from alterations in the recognition sequence of a 
restriction endonuclease . The discovery of a 
restriction fragment length polymorphism enabled 
the diagnosis of sickle cell anemia which arises 
from a single amino acid change in /9 globin. But 
the recognition site of restriction endonucleases 
generally is from 4-io base pairs, there are large 
numbers of restriction endonucleases specific for 
unique recognition sites and the recognition sites, 
if organized randomly in the genome, would be 
distributed at a frequency that correlates with the 
number of base pairs in the restriction site. 
Thus, only a small portion of the genome is 
monitored by any one enzyme. 

Another means for Identifying base 
substitution is direct sequencing of a nucleic acid 
fragment. The two prevalent methods are the 
Maxam/Gilbert method (Maxam & Gilbert (1980) Meth. 
mii^, 65, 49d-560) and the dideoxy method (Sanger 
et al. (1977) £ca£». Matl. Acad, sei. . 74, 
5463-5467). Although the use of the polymerase 
chain reaction (PCR) (Saiki et al. (1985) Seienee . 
230, 1350-1353) can facilitate sequencing, direct 
gene sequencing remains a labor intensive and 
tedious means. 

Because mismatches often cause anomalous 
mobility of nucleic acid fragments in 
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electrophoretic procedures, aetbods have been 
devised for distinguishing mismatched duplexes from 
matched duplexes, see for example VSyers et al. 
(Mgt^L. ins^ C1987) 155, 501-527} . Mismatches can 

- 5 be obtained by hybridizing sequences from wild type 
and mutant genes or from a sample with a 
synthesized oligonucleotide. The sensitivity of 
detecting mismatched duplexes can be enhanced by 
conducting the electrophoretic separation under 

10 denaturing conditions, Myers et al., supra . 

Another method for detecting mismatches is 
using SNase A (l^ers et al. (1985) science . 230, 
1242-1246) . For example, a specific probe is 
hybridized to target SNA or DMA and then escposed to 

15 RNase A, which is able to detect mismatches in a 
duplex structure. The enzyme cleaves at the site 
of a mismatch. Upon electrophoresis under 
denaturing conditions, the mismatch is detectable 
by the presence of nucleic acid fragments wi^sh are 

20 smaller than the full length duplex. Nhile the 
RNase A method is not as definitive or as sensitive 
as sequencing, it is more rapid than sequencing. 

Another approach relies on the instability of 
duplexes comprising an oligonucleotide, see for 

25 example Conner et al. {2lS£j^ watl. Acad. Sei. 
(1983) 80, 278-282). Such duplexes are stable only 
under well defined hybridization conditions, 
generally involving salt concentration of the 

- 4 - 
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hybridization solution and temperature. Thus, an 
oligonucleotide which is complementary except for 
a single mismatch may not remain hybridized to a 
target sequence if the hybridization conditions are 
5 not optimized. That rationale enables the 
detection of mismatches by hybridizing an 
oligonucleotide to a target sequence and 
determining whether a stable duplex molecvde 



^° A newer method relies on DMA ligase which 

covalently joins two adjacent oligonucleotides 
which are hybridized on a complementary target 
nucleic acid, see for example Landegren et al. 
(SfiianEa (1988) 24l, 1077-IO8O) . The mismatch must 

15 occur at the site of ligation. As with other 
methods that rely on oligonucleotides, salt 
concentration and temperature at hybridization are 
crucial. Another consideration is the amount of 
enzyme added relative to the OKA concentration. 

20 Another method relies on polymerase chain 

reaction amplification of specific oligonucleotide 
primers, see for exaatple Chehab et al. (1987) 
UaS!iS&, 329, 293-294). The method offers the 
advantages of not requiring a large amount of DNA, 

25 as is required for restriction fragment length 
polymorphism analysis, and is more rapid, than for 
example, the use of allele-specific oligonucleotide 
hybridization. Furthermore, the method does not 



- 5 - 
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* 

require the use of radioactive labels. Wu et al. 
(1989) Proc. Natl. Acad, Set. , 86, 2757-2760. 

Each of the known prior art methods for 
detecting single base pair mismatches has 
5 shortcomings. Hybridization and RNase assays 
occasionally give false positive or false negative 
results due to high background or poor enzyme 
specificity* Methods relying on the use of 
oligonucleotides require carefully controlled 

10 hybridization conditions. The use of 
allele-specific oligonucleotides also requires 
finely tuned conditions as one of the pair of PGR 
primers must be perfectly matched and the other ^ 
because of one or more mismatches, must not 

15 hybridize for discrij&ination to be possible* 
Methods that rely on PCR can have contamination 
problems and some mismatches cdoi form base pairs 
thereby producing false results. DKA sequencing 
cannot detect a base change in a DNA sample vhich 

20 is contaminated with more than 80% of normal DKA. 

Denaturing gradient gel or the BNase A methods 
can assess long stretches of DNA for mismatches, 
however, those methods are no'b as sensitive as the 
ligase method because they are estlaated to test. 

25 only about half of all nutations that involve 
single nucleotides. Furthexnore, less than half of 
all point nutations give rise to gain or loss of a 
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restriction enzyme cleavage site. Landegren et al. 
(1988) Science . 241, 1077-1980. 

All of the methods mentioned above cannot 
reliably detect a base change in a nucleic acid 
which is contaminated with more than 80% of a 
background nucleic acid, such as normal or wild 
type sequences. Contamination problems are 
significant in cancer detection wherein a malignant 
cell, in circulation for example, is present in 
extremely low amounts. Thus, the methods . now in 
use lack adequate sensitivity to find practical use 
in a clinical setting. it is desirable for an 
assay to have a sensitivity of less than 20%, that 
is, capable of detecting a variant sequence that 
comprises less than 20% of a sample, and preferably 
less than 10%. 

Accordingly, there is a need for a sensitive 
and accurate assay for detecting single base pair 
mismatches which does not require the use of toxic 
labels, does not require a large amount of a 
sample, is not labor intensive and is robust. It 
is particularly advantageous if the assay has a 
sensitivity of detecting a single base change in a 
DNA sample contaminated by up to, if not more than, 
about 99% noimal ONA. 

There are a class of enzymes that repair 
mismatches in nucleic acids, and particularly in 
DNA. Suitable enzymes, for example, are those 



which specifically cleave nucleic acid strands near 
mismatches. Some of those enzymes have nucleic 
acid glycosylase activity as well as apurinic or 
apyrimidinic endonuclease activity. 

For example, a methylation-independent 
pathway in E. coli acts unidirectionally on G/T 
mismatches to restore the G/C pair at the second 
position within the sequence 5'-cc(A/T)GG. Lieb 
(1985) Usl^ SsSL. Genet. . loi, 118-125. The enzyme 
involved with that repair function has been 
escpressed as a fusion protein. Hennecke et al. 

(1991) Natura. 353, 116-118. 

Wiebauer & Jiricny (£b£UC& (1989) 339, 

234-236; £Efi£^ Watl> ASfila. Sei. (1990) 87, 

3842-3845) reported an enzyme obtained from ReLa 
nuclear extracts capable of correcting 6/T 
mismatches almost exclusively to 6/C pairs. 

A fiaa-independent repair pathway specific for 
A/G mismatches requires expression of the E. coli 
BBJfit gene product. Lu & Chang (1988) Genet. . io8, 

593-600? Tsai-WU et al. (1991) i. BacteriQl . . 173, 

1902-1910. The repair mechanism is uxiidirectional 
resulting in an A to c conversion. The enzyme 
responsible for the repair activity both binds 
specifically to A/G mismatches and cleaves the 
nucleic acid at either side of the adenine residue. 
There are no incisions on the other strand. The 
repair system is proposed to convert A/G mismatches 
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to a C/G base pair. Lu & Chang (1988) cell . 54, 
805-812. 

Similar enzymes specific for A/G mismatches 
have been found in human (Yang et al. (1991) 
5 3j. llsLi. SiiS^, 266, 6480-6484) and calf thymus 
cells. The all-type endonudease described 
hereinbelow and obtained from HeLa, calf thymus and 
yeast cells nicks at eight different base pair 
mismatches . 



10 SUlWMtY Qg m TwrmreM 

t 

It is an object of the instant invention to 
provide a sensitive and accurate method for 
detecting base pair mismatches in nucleic acid 
sequences and particularly in DNA sequences, such 
IS as genomic DNX secpienees. 

Another object of the instant invention is to 
provide a method for identifying thia nucleotide at 
a specific site in a nucleic acid without using 
sequencing methods. 

20 Those and other objects were attained through 

the development of a method for identifying a 
nucleotide base at a single site in a nucleic acid 
coiqirising: 
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(a), obtaining single stranded target 

acid sequences; 



(b) hybridizing oligonucleotides 
comprising said site to said single 
5 stranded nucleic acid sequences, 

wherein said oligonucleotides may or 
nay not be complementary at said 
site in said single stranded nucleic 
acid sequences, to form 
oligonucleotide-target nucleic acid 
sequence hybrids; 



(c) exposing said nucleic acid sequence 
hybrids to an enzyme that binds to 
mismatch bases to form 
^5 enzyme^nucleic acid complexes or 

that cleaves one strand containing 
a mismatched base pair to produce 
cleaved fragments; 



(d> determining the presence of said 
20 enzyme^nucleic acid coa^lexes or 

said cleaved fragments; and 



e) identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 

- 10 - 
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forms a complex or. produces cleaved 
fragments . 



The method Is fxirther exemplified wherein said 
oligonucleotides comprise a first and a second 
oligonucleotide complementary to a first single 
stranded nucleic acid and a third and a fourth 
oligonucleotide complementary to the second single 
stranded nucleic acid; and wherein said first and 
said third oligonucleotides comprise A, T, G or c 
at said site, and said second and said fourth 
oligonucleotides comprise at said site a base other 
than that base which hybridizes under normal 
conditions with the base at said site in said first 
and. said third oligonucleotides. 



The instant invention also provides a method 
for identifying a base pair mismatch at a site in 
a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

(b) hybridizing nucleic acid fragments 
pbtained from wild type cells or 
oligonucleotides comprising said 
site to said single stranded nucleic 
acid sequences, wherein said 
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PCrAJS93/02329 

fragments or said oligonucleotides 
may or may not be complementeiry at 
said site in said single strcuided 
sequence, to form fragment-target 
nucleic acid hybrids or 
oligonucleotide-target nucleic acid 
hybrids ; 

(c) exposing said nucleic acid hybrids 
to an enzyme that binds specifically 
to base pair mismatches to form 
enzyme-nucleic acid complexes or 
that cleaves a nucleic acid strand 
to produce cleaved fragments; and 

(d) determining the presence of said 
complexes or said cleaved fragments. 

The instant invention also provides a method 
for detecting the loss of a wild type allele 
comprising identifying a mismatch between a first 
nucleic acid obtained from target cells and a 
second nucleic acid, wherein said first and said 
second nucleic acids are hybridized to form a 
duplex and said duplex is exposed to an enzyme 
which binds to a mismatch base pair to form a 
complex or which cleaves said first or second 
nucleic acid to form cleaved fragments and 
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determining the presence of said complex or said 
cleaved fragments. The second nucleic acid can be 
obtained from a wild type cell or synthesized. 



The instant methods can be useful in the 
5 detection of genetic disease, cancer and genetic 
variability such as normal polymorphisms. 

Determining whether cleavage occurred can be 
accomplished in a variety of art-recognized 
methods. Thus, such a detezttination can be 
10 accomplished by direct analysis of the sequences, 
such as by nucleotide sequencing, or by determining 
fragment lengths following labelling of the nucleic 
acid sequence, with, for exaaqsle, radioactive 
labels, such as ^P. The use of denaturing gels can 
15 facilitate discrimination of the reaction products. 

Alternatively, cleavage can be inferred for 
example, by labelling the nucleic acid sequence at 
two sites on either side of the target site. Thus, 
for example, the doubly labelled nucleic acid is 
fixed to a solid support at one end and following 
the enzymatic reaction with the mismatch enzyme and 
a wash, presence of both labels or one label, that 
on the end fixed to the solid support or that 
washed away, is assessed. The labels can be the 
25 same or different. Preferably the reporter 
molecules are non-radioactive labels, such as 
enzymes .or dyes. 



20 



13 
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Detection of mismatches can occur also by 
detezminln? the presence of enzyme-nucleic acid 
complexes, for example, by analysis on a native 
gel, gel reteurdation assay, essentially as 
5 described in Fried & crothers f Nuel. Acids Res. 
(1981) 9, 6505-6526). 

The instant invention relates to the use of a 
class of enzymes capable of mismatch detection 

10 and/or repair to detect single base pair mutations 
in nucleic acids and particularly in ONA, such as 
in genomic DNA. Any of the class of enzymes 
capable of identifying or binding to a site of a 
base pair mismatch and/ or cleaving at or about that 

15 site can be used in the instant invention. 

The instant invention finds utility in the 
diagnosis of genetic disorders that arise from 

■ 

point nutations. Many cancers, for exanple, can be 
traced to point mutations in kinases, growth 
20 factors, receptors binding proteins and nuclear 

proteins. Some of the disorders include cystic 

* 

fibrosis, xeroderma pigmentosum, ataxia 
telangiectasia. Bloom's syndrome, the 
hemoglobinopathies, such as thalassemia and sickle 
25 cell disease, other diseases that arise from inborn 
errors of metabolism, such as phenylketonuria, 

- 14 - 



muscular dystrophy, mental retardation syndromes, 
such as the fragile x syndrome, Albright's 
osteodystrophy, specific genes associated with 
cancer, such as DCC, NP-1, rb, p53, erbA and the 
Wilm's tumor gene, and various oncogenes, such as 
abl, erbB, src, sis, ras, fos, myb and myc. 

The instant assay can be used on the nucleic 
acids of a variety of cells, for example, blood 
cells, amniocytes, that is cells found in the 
amniotic fluid, bone marrow cells, cells obtained 
from a biopsy specimen and the lilce. The nucleic 
acids can be ribo or deoxyrlbo nucleic acids. 
Double stranded nucleic acids are rendered single 
stranded using known techniques. 

The term, "base pair mismatch", indicates a 
base pair combination that generally does not form 
in nucleic acids under normal circumstances. . For 
example, when dealing with the bases coaaaonly found 
in DNA, namely adenine, guanine, cytosine and 
thymidine, base pair mismatches are those base 
combinations not including the A-T and 6-C pairs 
normally formed in DNA*s. 

As used herein, "complementary" indicates 
normal base pairing between two nucleic acid 
strands but may include a mismatch at a site. 

As used herein, "oligonucleotide" indicates 
any short segment of nucleic acid which can be 
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Obtained as a fragment from a cell, for example as 
a restriction fragment, or is synthesized j.n vitro. 

An enzyme of the class of enzymes which is 
suitable in the practice of the instant invention 
5 is that described in Lu & Chang (Cell (1988) 54, 
805-812) which recognizes the A/G mismatch. The 
enzyme is obtained from E. coli and is identified 
as Miity (or HicA). 

A suitable method for obtaining an enzyme 

10 useful in the instant invention is exemplified in 
a method for obtaining the A/G mismatch enzyme. 
The A/G mismatch enzyme can be obtained from 
E. coli, such as any wild type strain available 
from the American Type culture Collection. The 

15 cells are lysed in a suitable buffer such as a 
buffer comprising about 15 mH Tris-HCl, pH 7.6, 
about 0.1 mM EDTA, about 0.5 mM DTT and about 
0.1 BM EMSF (Buffer A). The cells are lysed by 
CMomonly known methods such as freeze-thav or 

20 sonication. The lysate is clarified by 
centrifugation and the supernatant is treated with 
about 25% (w/v) streptomycin sulfate. Any 
Insoluble material is removed and solid ammonium 
sulfate is added to the supernatant to a 

25 concentration of about 35%. The precipitate 
obtained therefrom is suspended in buffer A recited 
above. 
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The suspension is dialyzed against the 
above-noted buffer a. The resulting dialysate is 
suspended in a suitable buffer such as one 
conprising about 20 nM potassiun phosphate, pH 7.4, 
5 about 0.5 mM DTT, about O.l aM EDTA and about 
0.1 BM PMSF, containing about 0.05 aM potassium 
chloride (Buffer B) . 

The resulting solution is passed over a 
phosphocellulose column and the column is eluted 
with a linear gradient of about 0.05-0.5 M 
potassium chloride in the above-noted buffer B. 
Those fractions containing A/G mismatch binding 
and/or nicking activity, which elute at about 0.3 
M potassium chloride, are pooled and are applied to 
15 a hydroxyapatite column equilibrated with the same 
buffer B as noted above except that the potassium 
phosphate concentration is lo mM and the solution 
contains 0.01 M potassium chloride. The column is 
eluted with a linear gradient of potassium 
20 phosphate (pH 7,4, about o.oi-o.€ M) containing 
0.5 mM DTT and O.l mM PMSP. Active fractions 
obtained from the column can be stored at -70 'C. 
Alternatively, the eluate further is dialyzed 

/ 

against a buffer con^rising about 20 mM KPO. 
25 [pH 7.4], about 0.1 mM EDTA, about 0.5 mM DTT, 
about 0.5 M KCl, about 0,1 mM PMSP and about 10% 
(v/v) glycerol (Buffer c) . The dialysate is 
applied to a heparin-agarose column and eluted with 
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a 0.1-0.6 H KCl gradient in the same buffer c. A/G 
nicking activity elutes at about 0.38 M KCl and the 
fractions are dialyzed against buffer C. The 
resulting endonuclease preparation is purified 
5 about 1,500 fold. 

The gene product of the autY (or micA.) locus 
of E. coli is essential to obtain 
methylation-independent repair of A/G nisnatches. 
The DNA segiience of the vutY locus has been cloned 
10 and found to encode a protein of about 39 kd 
molecular weight which carries A/G 
mismatch-specific nicking activity. Tsai-Wu et al. 

(1991) Baeteri ol . . 173, 1902-1910. The 

recombinant enzyme can be used in the practice of 

15 the instant invention. 

^e determination of irtiether an enzyme with 
the requisite characteristics is obtained can rely 
either on the capability of a protein to bind 
specifically to an A/6 mismatch or on the 

20 capability to cleave at or about an A/6 mismatch. 

By way of example, the hybrid of phages £1 
R229 and K28 has an A/6 mismatch at position 5621. 
Boeke (19&1) Usl.. Gen. Genet. . 181, 288-291; Lu et 
al. (1983) Proe. hS^^ SSlt./ 80, 4639-4643. 

25 Thus, a nucleic acid fragment containing position 
5621 can be used in a protein-nucleic acid binding 
or nicking assay. Alternatively, two annealed 
oligonucleotides, made in a commercially available 

- 18 - 
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DNA synthesizer, which are cenaplementary except at 
one defined position where an A/G " misnatch is 
configured, can be used as a heteroduplex carrying 
an A/G nismatch in the above noted assays. 
5 In a binding assay, protein sanples are 

incubated with labelled nucleic acid fragment 
containing, according to the example above, the A/G 
nismatch along with non-labeled, non-specific DNA 
(see Fried & Crothers, supra; Carthew et al., 

10 (1985) Ssli, 43, 439-448). Briefly, protein 
samples are incubated with labeled target nucleic 
acid in a buffer comprising about 20 mM Tris-HCl 
(pH 7.6), about 80 mM NaCl, about l mM EDTA and 
about 2.9% glycerol for about 30 minutes at about 

15 30". Following incubation, the samples are applied 
to a polyacrylamide gel (about 4%) using low ionic 
strength buffers (about 7 mM Tris-HCl, pH 7.5, 
about 3 mH sodium acetate and about 1 mM EDTA) . 
Protein-nucleic acid complexes migrate slower than 

20 nucleic acid fragments alone. 

Nicking activity can be determined in a 
similar fashion as for determining the 
protein-nucleic acid complexes. Following the 
incubation period, the nucleic acid samples are 

25 denatured, for example, by heat treatment, exposure 
to formamide or both, and then the saa^les are 
applied to a standard denaturing polyacrylamide 
gel, for example about 8% with about 8 M urea, for 
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resolution. Successful nicking, is revealed by the 
presence of one or more smaller-sized nucleic acid 
fragments as compared to the intact nucleic acid 



15 



5 A T/G-specific endonuclease can be detected 

and obtained using the same procedures except using 
an T/6 mismatch-containing nucleic acid. 

By configuring other specific combinations of 
mismatches in the nucleic acid substrate, other 
10 enzymes contemplated to be useful in the practice 
of the instant invention can be identified and 
purified, such as the "all type" enzyme from HeLa 
cells, calf thymus and yeast cells described 

* 

furtter hereinbelow. Chang S Lu (1991) Nucl. Acids 
Bfiaj.r 19 r 4761-4766; Yang et al. (1991) 3^ Biol, 
filS&dur 266, 6480-6484. 

The human and yeast all type endonuclease can 
nick at all eight base pair mismatches. Thus, that 
enzyme can be used for general screening for any 

20 mutations. In that case, polymerase chain reaction 
(PGR) products from normal and suspected mutant 
nucleic acids can be hybridized and tested with the 
all type enzyme. Because different mismatches may 
be identified with differing efficiencies and 

25 sequence environment may have an effect on 
cleavage, labeling of different ends of the target 
nucleic acids or PGR products can be used. 
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It has been found that in the case of the A/G 
mismatch enzyme of Lu & Chang, supra . the enzyme is 
active on not only nucleic acids of the endogenous 
host, E. coli, but is active on the nucleic acids 
of other species as well. Essentially, any nucleic 
acid containing an A/G mismatch is a suitable 
substrate for the A/6 mismatch enzyme. Thus, in 
the case of the A/G mismatch enzyme, the enzyme can 
be used to detect A/G mismatches in agriculturally 
beneficial species and in humans, for example. 
That discovery enables the diagnosis of single base 
pair mismatches or mutation that can give rise to 
deleterious alleles and disease states. Species 
specificity does not appear to be a characteristic 
of the mismatch repair enzymes , similar to the many 
restriction endonucleases which essentially act on 
DNA of any species. 

Accordingly, in one embodiment, the instant 
invention relates to a method of detecting specific 
nucleic acid mutations with a mismatch enzyme, such 
as the A/G mismatch enzyme, that can be used to 
determine the presence of specific alleles or 
aberrant alleles in a nucleic acid, such as the 
genomic DNA, of an animal or a patient. Uses 
include prenatal diagnosis of genetic disease or 
the identification of latent genetic disease, that 
is diseases with low penetrance or delayed 
expression. The assays can be practiced 
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essentially as described above, that is, cells of 
a patient suspected of carrying a genetic disorder 
can be obtained, possibly circulating cells such as 
lymphocytes or by biopsy of a diseased organ, the 
nucleic acids from the cells are obtained, a 
specific region optionally can be amplified by PCR, 
hybridized with normal or wild type nucleic acid or 
with a specific probe, if necessary, treated with 
an appropriate restriction endonudease to provide 
a fragment containing the suspected base pair 
mismatch or mutation, exposed to a mismatch enzyme 
and either the binding assay or the nicking assay 
is conducted. 

In the binding assay and nicking assay 
described hereinabove, the presence of the 
protein-nucleic acid complex or of the cleaved 
fragments can be determined in a number of 
art-recognized methods, see for example Fried & 

Crothers (^Jisl ^giflg Res. (1981) 9, 6505-6525). 

For example, the nucleic acid in the binding assay 
can be tagged with a radioactive label, such as a 
radiolabelled base (in the nicking assay, either 
the probe or the target genomic nucleic acid can be 
labelled to determine if cleavage occurs) and the 
respective molecular weights and migration 
distances are inferred therefrom following a 
separation and/or a sizing procedure, such as 
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electrophoresis. Exanples of radioisotopes that 
can be used include ^H, '^p^ ssg 12s 

In a clinical setting and for general use in 
many clinical testing laboratories, it is 
5 preferable that methods that do not require the use 
of radiolabelled nucleotides be used. Thus, the 
nucleic acids can be labelled with biotinylated 
bases and the presence of the biotin moiety can be 
determined by the use of avidin or streptavidin 

10 labelled reporter molecules, which in turn can be 
ascertained by the use of the appropriate 
colorimetric or chemiluminescent substrate. (Por 
example, BRL, Gaithersburg, MD, distributes 
biotinylated dATP, streptavidin-alJcaline 

15 phosphatase conjugate and the appropriate 
phosphatase substrates. Lumigen»-PP6 is a suitable 
substrate distributed by Millipore , MA. ) 

Similarly, it also is possible to use bases 
which are labelled with compounds that are 

20 luminescent, for example, some automatic nucleic 
acid sequenators rely on the use of the four common 
bases each labelled with a compound having a unique 
color signature. Luminescence is determinable in 
a liquid scintillation counter, luminometer or by 

25 the use of light-sensitive films. Typical examples 
of luminescent compounds which can be used include 
fluorescent compounds, such as fluorescein 
isothiocyanate (Sigma), that emit light upon 
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excitation and chemiluminescent compoiinds that emit 
light as a result of a chemical reaction, such as 
the use of reporter molecules conprisin? dioxetane 
derivatives (PhotoGene* , BRL, MD) • 

In another embodiment, particularly when using 
the niclcing assay, the nucleic acid to be labelled, 
either the probe or the genomic target sequence, is 
labeled at both ends, that is on either side of the 
mismatch. The label may be the same or different. 
For example, one end may be labelled with biotin 
and the other end may be . labelled with a 
luminescent compound. 

. Thus, an intact molecule comprises both labels 
whereas a cleaved molecule yields two subf ragments , 
each with one label. For example, using 
fluorescent molecules that emit at different 
wavelengths or dyes of different color, a nucleic 
acid can be so labelled and the determination of 
whether cleavage has occurred is assessed by the 
presence of both labels in the sample or of only 
one label, for example, after a washing procedure 
wherein one end of the doubly labelled nucleic acid 
is affixed to a solid phase enabling the cleaved 
fragment carrying the second labelled end to be 
removed by a washing procedure. If identical 
labels are used, then the determination is whether 
a "single dose" or a "double dose" of label is 
preset following the washing procedure. 
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According to the assay system using the N-ras 
gene, the sensitivity of the instant assay is at 
least on the order of l%, that is the assay can 
detect tumor cells that are present in a 99% 
background of normal cells. Thus, the instant 
assay can identify a sequence variant found at a 
frequency of one variant out of a hundred. 

Accordingly, it is not necessary to obtain a 
specific biopsy section or to purify a cell 
population prior to use of the instant assay, such 
as by flow cytometry. The instant assay enables 
the detection of a genetic disorder using 
circulating cells found in a routine specimen. 

In another embodiment, the . invention 
contemplates the use of enzymes that recognize 
specific base pair mismatches for determining the 
identify of a particular base at a mismatch site 
v^ether the mismatched base pair is one of the 
pairs that. is recognized by the enzyme or not. 

Four possible oligonucleotide probes are 
synthesized to span the site of interest. Two of 
the probes correspond to coding sequences of the 
gene of interest and another two probes are 
complementary to the aforementioned two probes. 
The strategy is outlined in Table. 1 wherein probes 
I and II represent the coding sequence probes and 
probes iii and iv represent the probes 
complementary to probes I and II, respectively. 
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Table i. acpected nismatch formation euxd deavaw 
results using E. coli A/G endonuclease 



Sequence at the i** m** iv^ 

■utatfen site (cetffng. A) Ccodfng, 6} Cnoneodins, A) (neneodtng. G) 



A 
T 


A* 

T(-> 


6 

T*(-) 


A 

A-(-) 


A* 

G(++)» 


C 
G 


A* 

G(++) 


G 

G*(-) 


C 


C' 

G(-) 


G 
C 


A* 

C(+) 


G 

c-(-) 


6 

A'(++) 


G' 

G(-) 


T 
A 


A* 

A(-) 


G 

A*{++) 


T 

A-(-) 


T* 

G(-) 


repri 


esenta the labelled 


Strand 





a use 5' end-labelled ollgonttcleotide probe 

b use unlabelled oligonucleotide to hybridize 
with labelled PCR aaqplif ied target sequence 

20 c doxible positive result indicates A/G 

mismatch-containing nucleic can be . nicked by 
the endonuclease and shows a lover molecular 
weight band(s} in the autoradiogram of a 
sequencing gel; A/C mismatch nicked weakly by 

25 the A/6 mismatch enzyme 



- 26 - 



wo 93/20233 PCrAJS93/02329 

In the example of Table l, probes i and III 
contain adenine at the position where the mutation 
occurs whereas probes II and iv contain guanine at 
that site. The probes containing adenine, probes 
5 I and ill of Table l, are end-labelled at the 5' 
end, for example, with kinase using standard 
procedures. Probes containing guanine are not 
labelled, m the hybridization reactions wherein 
the guanine-containing oligos are used (probes II 
and IV), the target nucleic acid fragment is 
labelled. 

The target nucleic acid sequence is rendered 
single stranded and exposed to the various probes 
in individual reaction vessels to enable duplex 
formation. Depending on the sequence of the target 
nucleic acid at the target site, the various probes 
will generate either no mismatch or a certain base 
mismatch after hybridization. The resulting 
duplexes are digested with a specific mismatch 
enzyme, such as the A/S mismatch enzyme, the T/G 



10 



15 



20 



mxsmatcn enzyme (Wiebauer & Jiricny (1989) Nature . 
339, 234-236), the all-type enzyme (Yeh et al. 

(1991) 2^ SlSl^ fibSBL.^ 261, 6480-6484) or 

combinations of several different enzymes, and the 
25 nucleiti acid fragments following incubation are 
identified by denaturing gel electrophoresis. 

Any nucleic acid with a specific mismatch, in 
the cases noted above, an A/G mismatch or a T/G 
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aisnatch, can be detected and localized by the 
presence of one or aore subf ragments . Thus, in the 
Example of Table l, using the A/G mismatch enzyme, 
if a lower molecular weight fragment noted in the 
5 reaction with the tsurget sequence contains an 
adenine at the site of interest. Table l, line l, 
a digestion product, that is a subfragment, will be 
observed when the target gene is hybridized with 
oligonucleotide iv. if the target site is a c 

10 (Table 1, line 2), a subfragment will be found in 
the duplex in which oligonucleotide I is used. 

It is not essential, that all four reactions be 
run conctirrently to identify the base at the target 
site. The individual reactions can be run 

15 sequentially, or in any combination or order, as 
identification of the variamt base could occur in 
the first reaction based on the unique pattern of 
reactivity for each oligonucleotide. 

In another embodiment, the invention 

20 contea^lates the use of a general mismatch enzyme 
that is not restricted to a specific mismatch, that 
is, the enzyme is not restricted to recognizing 
only the. A/G mismatch, for exa^le. Such an enzyme 
has been obtained from bovine, yeast and human and 

25 the enzyme can nick at all eight base pair 
mismatches. Yeh et al. (1991) Biol, Chem, . 266, 
6480-6484. Thus, the general (all type) mismatch 
enzyme can be used to compare suspected mutant 
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nucleic acid with wild type nucleic acid or in a 
first screening for any nutation because the site 
and base at that site nay not be known and only a 
single oligonucleotide probe or the mutant and 
normal nucleic acids, relative to the target site, 
need be used. in using the general nisnatch 
enzyme, the artisan nust consider that different 
nisnatches nay be recognized with different 
efficiencies and that neighboring sequence 
environnent could have sdne effect on binding and 
cleavage. Nevertheless, the general nisnatch 
endonuclease retains the property of cleaving only 
one of the strands. 

To overcone strand specificity that could 
hinder the detection of a base pair nisnatch, other 
nisnatch enzynes, topoisonerases, glycolases and 
endonucleases, or combinations thereof, can be 
included in the screening of nucleic acid 
nisnatches. Grilly et al. (1990) Mutat, Res, 236, 
253-267. 

An example of a general nisnatch endonuclease 
is one obtainable fron calf thynus nuclear extracts 
by a nodif ied nethod as described in Dignan et al « , 
Nucl. Acids Res., 17, 2437-2448, 1989). Briefly, 
frozen calf thynus (about 500 g) is thawed under 
running cold vater, sliced and cleaned of 
connective tissue and vessels. The tissue slices 
are placed in solution A coaprising eJsout 0.2 M 



sucrose, about 3 nM MgClg, about 40 nM NaCl, about 
O.as ntl PMSF and about 5 siM HEPES, pH 7»9 and 
homogenlzecE. The homogenate is filtered 

sequentially through one, two and four layers of 
cheesecloth prevashed with chilled solution A. 

The filtrate is centrifuged at 75 Q x g for 
seven aiinutes and the nuclear pellet is washed with 
solution A. About 250 ml of packed nuclei were 
suspended in about 500 ml of Solution E comprising 

r. 

about 10% sucrose, about 0.01% NP-40, about l aM 
DTT, about 0.1 mK HBP, about 0.35 M KCl and about 
25 mM HEPES, pH 7.9 and incubated at about A^c. for 
about two hours. The nuclear debris was ronoved by 
centrifugation. The supernatant . was diluted .to 
100 DM KCl by adding about two volumes of Buffer A 
comprising about 20 mM KPO^, pH 7.4, about o.i bm 
EDTA, about 0.5 OH DTT and about 0.1 mM PKSF. 

In the case of obtaining an all-type mismatch 
enzyme from humem cells, such as HeLa cells, again 
a modification of the method of oignam et al., 
supra, is employed. The isolated nuclear extract 
(fraction I) in about 60 ml buffer (comprising 
about 20 mM HEPES, pH 7.4, about 25% glycerol, 
about 0.42 M NaCl, about 1.5 mM Mgcij, about 0.2 mM 
EDTA, about 0.5 mM PMSF and about 0.5 mM OTT) was 
mixed with about 440 ml of buffer A (about 20 mM 
KPp^, pR 7.4, about 0.5 mM DTT, about 0.1 mM EDTA 
and about Q.l mM EMSF) containing about 0.05 M KCl 



and the entire nixture is applied to an ion 
exchange column such as a 140 ml Bio-Rex 70 column 
(BioRad) equilibrated with buffer A containing 
about 0.05 mM KCl. Following a wash with the 
equilibration buffer, the column can be eluted with 
a linear gradient of KCl (about o.l-i.o M) in 
buffer A. The fractions containing the general 
mismatch endonuclease, which eluted. at about 0.8 m 
KCl, are pooled (Fraction II). 

Fraction II can be applied to a hydroxyapatite 
column equilibrated with buffer A containing about 
0.05 M KCl. After washing with equilibration 
buffer, the column is eluted with a linear gradient 
of potassium phosphate (pH 7,4, about 0.01-0.6 H) 
containing about 0.5 K DIT and about 0.1 M pmsf. 

elute at about 0.4 M 
phosphate buffer, are pooled (fraction III) ■ and 
dialyzed against buffer A. 

The sample can be loaded onto a heparin 
agarose column and eluted with, for example about 
0.7 nM HaCl in buffer A. The eluted sample can be 
frozen in small aliquots and stored at -70 *C. 

Presence of the general mismatch endonuclease 
in the fractions can be detexmined essentially as 
described above for the A/G-specific endonuclease 
using the nucleic acid binding assay or the nicking 
assay with the appropriate nucleic acid fragments 
containing a mismatch. 
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The invention now will be described 
way of the following, non-liniting 
otherwise indicated all amounts are 
or (w/v) . . 
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Oligonucleotide priaers and repair probes were 

using standard phosphoraaidite 
chenistry on an Applied Biosysteas DNA synthesizer 
according to the nanufacturer»s reconmendations . 
See for example, Beaueage & caruthers (1981) Tetra . 
Ls&SLi., 22, 1859-1862; Mattencci fi Caruthers (1981) 
£i. isSSL^ Qi^Su. Sa&M., 103, 3185-3191. The 

Oligonucleotides were purified in 8-25% sequencing 
gels prior to use. The oligonucleotide denoted as 
Chang A16 (SEQ ID NO:iy was annealed with 
oligonucleotide Chang G16 (SEQ ID MO: 2) to for» 
duplex DNA with an A/G mismatch at position 51 for 
use in the endonuclease assay. 
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Table 2. Sequences of oligonucleotides^ 

Sh^Pq 5 • AMIGTCCTTAAGCTTTCTTCCCTTCCTTTCTCGCC 

ACGTTCGCCGAA TTAG GCTTTCCCCGTCAAGCTCAA 

5 ATCGGGGGCTCCCTTTAGGGTTCCGATCTCGAGCTTT 

ACGGCC 3' (SEQ ID N0:1) 

Cfrq^q qi6 5'S£S56GCCGTAAA6CTCGAGATC6GAACCCTAAAGG 

GAGCCCCCGATTTAGAGCTTGACGGGCAAAGCCGAAT 

- - TCGGCGAACGTGGCGA6AAA6GAAGGGAAGAAAGCTT 

(SEQ ID NO: 2) 

S'HSSGGTGAAACCTGTTTGTTGGACATACTGGATAC 
107H N-ras-61 AGCTGGACGAGAAGAGTACAGTGCCATGAGAGACCAA 
probe TACATGA6GACAGGCGAAG6CTTCCTCTGTGTAT 3' 

(SEQ ZD NO: 3) 

15 ghAnq 3^ S'SfiTGGACATACTGGATACAGCTGGACGAGAAGAGTA 

CA6TGCCATCAGA6 3' (SEQ ID N0:4) 

103bp left priaer 5»GGTGAAACCTGTTTGTTCGA 3' (SEQ ID NO: 5) 

20 103bp right pri»er ^'ATACACAGAGGAAGCCITCC 3- (SEQ ID NO: 6) 

48bp left priaer S'TGGACATACTGGATACAGCT 3- (SEQ ID no: 7) 

24 5'CTCTCATGGCACTGTACTCT 3« (SEQ ID NO: 8) 

48bp rxght primer ' 

If^w , ^ S'GATCGAATTCGATTCTTACAGAAAACAAGT 3« 

210bp left priner (SEQ id NO: 9) 
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|i 5 • CTA6TTC6AATCCTA6TACCTGTAGAG6TT 3* 

210bp right primer (SEQ ID NO: 10) 



Underlined bases form protruding ends for labeling with Klenow 
fragment after annealing with the complementary strand or PCR 
product* 
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A hxunan hepatoblastoma cell line, HepH;-2, 
obtainable from the ATCC under accession number 
HB 8065, contains a single base change at codon 61, 
CAA to CTA. Hsu et al. (1990) Proe. Natl. Am. 
hSSS^ C^nPt B?g., 31, 806. N-ras-containing 
nucleic acid fragments from normal cells and from 
Hep-G-2 cells were amplified by PGR using the 
appropriately configured primer bligonucleotides 
(SEQ ID ir0:5 and SEQ ID N0t6) , were hybridized with 
a complementary 107 base pair probe and thsa 
exposed to the A/6 mismatch enzyme. 

She 107 bp DMA (SEQ ID N0t3> probe comprises 
codens 48-81 of the N-ras gene with four extra 
nucleotides, TT6G, at the 5» end of the coding 
strand to serve as a template for labelling, except 
that the sequence for codoh 61 is CCA. The probe 
generates a T/G and an A/C mismatch with the normal 
DNA and tumor Wh, respectively. The miA's after 
cleavage with the k/Q mismatch enzyme were 
denatured and separated on a sequencing gel using 
known methods. Maxam & Gilbert (1980) Math, snz. . 
65, 499-560. 

Lanes containing tumor DNA presented a 44 base 
pair nucleotide cleavage product which was not. 
found in normal OHA samples. flhen a shorter 
labelled probe of 50 base pairs (SEQ ID NO: 4) was 
used and primers 3 and 4 (SEQ ID NO: 7 and 
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SEQ ID NO: 8) were used to amplify the target 
sequence, the same results were fotud, that is, a 
nucleotide digestion product of the A/G mismatch 
enzyme, in that case, 26 base pairs, was found in 
5 the samples of tumor DMA but not in normal DHA. 
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To determine the sensitivity of the mismatch 
enzyme cleavage method, the N-ras-containing 
fragment of the Hep-^2 liver cells and the 107 bp 
10 probe (SEQ ID H0:3) as noted in Table 2 described 
above were hybridized and the tumor ONA/probe 
hybrid was diluted Kith increasing amounts of 
hybrids comprising normal DNA and probe. The 
resulting mixtures then were cleaved with . the 
15 £. eoli A/6 endonuclease as described above. A 
specific 44 base pair cleavage product remained 
detectable at the 1/50 dilution. Because the N-ras 
locus is heterozygous in the liver tumor cell from 
which the genomic DNA was obtained, the assay is 
sensitive up to l percent, that is tumor cells are 
present in only one percent of the normal cell 
baclcground. 
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The disclosure in all references recited 
herein is herein incorporated by reference. 

It will b6 evident to one of ordinary skill in 
the art that the invention described .herein can be 
5 modified and adapted without departing from the 
spirit and scope thereof. The artisan will further 
acknowledge that the Examples recited 
demonstrative only and are not meant to be 
limiting. 
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18 et AIMED TB t 

1. A method for identifying a nucleotide 
base at a single site in a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

5 (b) hybridizing oligonucleotides 

comprising said site to said single 
stranded nucleic acid seqpiences, 
wherein said oligonucleotides may or 
My not be complementary at said 
site in said single stranded nucleic 
acid sequences, to form 
oligonucleotide-target nucleic acid 
sequence hybrids i 

(c) eaqrasing said nucleic acid sequence 
hybrids to an enzyme that binds to 
mismatch bases to form 
enzyM-nucleie acid complexes or 
that cleaves one strand containing 
a mismatched base pair to produce 
20 cleaved fragments; 
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(d) determining the presence of 

enzyme-nucleic acid coB^lexes or 
said cleaved fragments; and 

e) identifyii^g the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
forms a complex or produces cleaved 
fragments . 
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2 • The aathod of claim 1 wherein said enzyme 
specifically binds to or cleaves - at the 
adenine^guanine base pair. 

3. The method of claim 1 where said enzyme 
specifically binds to or cleaves at the 
thymidine-guanine base pair. 

4. The method of claim 1, wherein said 
nucleic adds are labelled with one or more 
detectable markers. 

5. The xiathod of claim 4, wherein said 
detectable marker is a radioisotope. 

6. The method of claim 4, iriierein said 
detectable marker is an enzyme. 

7. The method of claim 4, . herein said 
detectable marker is a. dye. 

8. The method of claim 4, whisrein said 
enzyme produces cleaved fragments and each cleaved 
fragnent is labelled with a different detectable 
marker. 

9. The method of claim 1, wherein said 
target nucleic acid sequences are coBipleiiientary to 
each other and obtained froa a double stranded 
nucleic acid, said oligonucleotides comprise a 

5 first and a second oligonucleotide con^leBentary to 
a first single stranded nucleic acid and a third 
and a fourth oligonucleotide complementiury to the 
second single stranded nucleic acid; and wherein 
said first and said third oligonucleotides comprise 

0 A, 7, 6 or C at said sitSr and said second and said 
fourth oligonucleotides comprise at said site a 
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base other than that hase which hybridizes under 
normal conditions with the base at said site in 
. said first and said third oligonucleotides. 

10. The method of claim 9, wherein said first 
and said third oligonucleotides are labeled and 
said target nucleic acid sequences complementary to 
said second and said fourth oligonucleotides are 

5 labeled. 

11. A method for identifying a base pair 
mismatch at a site in a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

hybridizing nucleic acid fragments 
obtained from wild type cells or 
oligonucleotides coiq)rising said 
site to said single stranded nucleic 
acid sequences, wherein said 
fragments or .said oligonucleotides 
may or may not be complementary at 
said site in said single stranded 
sequence, to form fragment-target 
nucleic acid hybrids or 

oligonudeotide-target nucleic acid 
hybrids ; 

(c) exposing said nucleic acid hybrids 
to an enzyme that binds specifically 
to base pair mismatches to form 
enzyme-nucleic acid complexes or 
that cleaves a nucleic acid strand 
•to produce cleaved fragments; and 
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(b) 



15 
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(d) determining the presence of said 
complexes or said cleaved fragments . 

12. The method of claim ll, wherein said 
nucleic acids are labelled with one or more 
detectable markers. 

13. The method of claim 12, wherein said 
detectable marleer is a radioisotope.. 

14. The method of claim 12, wherein said 
detectable marker is an enzyme. 

15. The method of claim 12, wherein said 
detectable marJcer is a dye. 

16. The method of claim 12, wherein said 
enzyme produces cleaved fragments and each cleaved 
fragment is labelled with a different detectable 
marker. 



17. The method of claim ii, wherein said 
enzyme binds specifically to or cleaves at the 
adenine-guanine base pair. 

18. The method of claim ll, wherein said 
enzyme binds specifically to or cleaves at the 
thymidine-guanine base pair. 

19. The method of claim ll, wherein said 
enzyme binds specifically to or cleaves at a base 
pair mismatch. 



20. The method of claim ll, wherein said 
target nucleic acid is obtained from a patient 
suspected of having a genetic disease. 
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